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Abstract 
Coal-resource-based cites are known as resource-exhausted cities because of ecological depletion, economic 
dislocation and social issues after depletion of natural resources. Currently, the compensation for such cities in China 
is mostly on arbitrary policies rather than the scientific strategies. On the basis of the improved economic evaluation 
model on coal-resource-based cites, this paper has estimated the past cumulative coal value is $ 82,218,500 during 
1998-2007 and the present compensation standard for Pingxiang city from 2008 to 2019 will be $42,786,100. Given 
the past cumulative coal value and the present compensation standard restrictions, a systematical compensation 
mechanism endowed with the cross-regional and cross-temporal characteristics, is correspondingly designed which 
provides a reference for the city sustainable development. 
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1. Introduction 
Coal-resource-based cities go through the process of the rise, peak and recession, which presents an 
inverted "U" type trend with social and economic development. In the exp loitation and utilization, coal-
resource-based cities pay more attention on the volume and speed of economic output than the protection 
of the ecological environmentˈwhich has no sustainable planning, then it will be known as resource-
exhausted cities because of economic d islocation, ecological depletion and social issues after the depletion 
of natural resources [1]. 
Currently, the compensation for such cities in China is mostly on arbitrary policies rather than the 
scientific strategies. Some applications scholars have made unremitting explorat ion and research  in 
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valuation of assets and accounting methods of coal mineral resources  on the basis of the research of 
theory economists. Leslie F. Rupperta et al (2002) evaluated the coal resources with  the use of 
geographical information systems technology and large databases  [2]. Mohamad Nur Heriawan et al(2008) 
developed a new procedure for assessing uncertainty of coal volume estimates by  kriging and simulat ion 
[3, 4]. Fu Xuehai et al (2009) evaluated the coal structure and permeability with the aid  of geophysical 
logging technology, and they also investigated the relationships between coalbed gas content of coal 
reservoir and characteristics of geophysical logs by means of the combined analyses of experimental and 
geophysical logging data [5,6]. Liu Dameng et al (2009) evaluated the most prospective target areas for 
CBM production Based on the CBM resource investigation and reservoir evaluation  [7]. However, most 
studies are about resource value compensation, there is a lack of studies on accounting the development 
value of coal resource, especially for resources-exhausted city. Pingxiang is a microcosm of development 
of coal-exhausted cities, at the same time, the coal mining there has entered a dry period and a new way is 
needed urgently for the traditional coal industry and enterprise development, thus we take Pingxiang city 
as a case, and design a systematical compensation mechanis m endowed with the cross -regional and cross-
temporal characteristics, which provides a reference for the city sustainable development. 
2. Evaluation Model and Method 
2.1. Economic evaluation model 
From the perspective of resource owner (nation), the value of minerals resource is essentially the sum 
of the total input and total revenue that some deposits included (Shen Zhenyu et al, 1999) [8]. The total 
input here is mainly geological exp loration costs, while the total revenue includes income differential and 
absolute income (not including the ecological environment value). So separately calculated the individual 
value of each part in the value structure of mineral resources, and then carried on comprehensive addition, 
total value of mineral resources can be obtained. The model can be expressed as : 
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V is the total value of recoverable reserves of proven mineral 
resources (the overall value of total reserves in the mineral resources  table); RV  is the currency 
performance of the expected annual total income of Mineral Resources (including differential income dV  
and absolute gain aV ); GV  is total value of the geological exp loration  fees of mineral resources  that has been 
put to the area; TQ  is geological reserves in table of mineral resources; iQ  is the estimated annual minerals 
mined amount of the Mineral Resources; r is the discount rate; and n is the total mining years. 
  Based on the mineral resources value measurement model above, the coal resources value accounting 
model of coal-exhausted cities can be determined. For the poor coal, complex min ing conditions  and mine 
aging of coal-exhausted cities, coal resources of the coal-exhausted cities can be set to have no differential 
benefits. Suppose the expected amount of recovery each year of the coal mines in  coal-exhausted cities is 
equal to be iQ ; and the recoverable reserves of coal resources here is TQ , then the model becomes: 
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In equation (2), in T
Q
Q 
,¢ is the geological exp loration cost of per ton coal; £  is the ratio o f the value  
which should be included in  the coal value for making the coal mining companies enjoy the average 
profits of industrial enterprises and sales revenue. P is the average selling price of coal (to be reasonable, 
we take the average price of international market). Then the resources value compensation accounting 
model of coal -exhausted cities can be improved as follows: 
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In equation (3): TBV  is the compensation standard of past mining value, TAV  is the compensation standard 
of future mining value; TAQ  and TBQ are the coal resources the region provided to countries or other parts 
during the period of past mining and future mining. Since recoverable reserves of coal-exhausted cities 
are fixed, when accounting the compensation standards, the amount of coal resources that the area 
provided to the state or other areas during future mining is the total recoverable coal reserves in th is area. 
2.2.Compensation mechanism method 
The resources value compensation mechanism of coal-exhausted cities shall be composed of two parts. 
One part is the compensation of the issues that the central government left  to coal-exhausted cities during 
the planned economy, which is achieved through the establishment of "ecological recovery and 
management funds of resource depletion region". The other part is using the model of coal value regional 
compensation fund between the eastern and central areas of coal resource inputs and coal-exhausted cities, 
to exchange coal resources effectively in a certain region, and form production and consumption of coal 
resources in a virtuous circle. The coal value regional compensation fund is mainly used for timely  
rectification on the local eco logical environment pollution and destruction caused by coal mining, so as to 
restore the local eco logical functions as soon as possible; to support the industry restructuring alternatives 
of the coal city, while  supporting the pension insurance of coal companies workers in coal-exhausted city 
and employee re-employment training.  
3. Case study 
3.1. Economic evaluation 
As Pingxiang is a  typical representative of resource industrial city developed by coal resources in 
industrial economic development of modern China, thus we take Pingxiang city as a case. According to 
equation (2), the value of α and β in  Pingxiang City should be obtained first to account the value of coal 
resources in Pingxiang. Because the municipal data is difficult to acquire, we use the average of 
geological exp loration costs for coal resources per ton of the national calendar year as the geological 
exploration costs for coal resources per ton in Pingxiang City, so α = 0.366693 yuan / ton. 
When β was took 0.03014 the average sales profit rate of the coal industry is approximately equal to 
the average sales profit rate of China's industrial enterprises, which can be seen as the average profit rate 
of industrial enterprises  that coal companies made. Therefore, the β value of the coal industry  can be 
determined to be 0.03014. So the coal resources value econometric model in Pingxiang City is: 
                       (4) 
 
 
The recoverable reserves of Pingxiang City in 2007 TAQ = 1.21 hundred million tons , On basis of iAQ  
= 10000 million tons, P = 100 U.S. dollars / ton, r = 10% (The above figures are the estimated value 
according to the current data trends), and substituted them into equation (4), The total value TV  of proven 
coal recoverable reserves can be obtained to be 20554.64 million dollars in Pingxiang City (At exchange 
rates before 2007 1 USD = 8.27 yuan). 
According to  TQ  = 1.21 hundred million tons, iQ  = 10000 million tons , on basis of raw coal capacity  
of province and nation that Pingxiang City annually increased for 400 million tons, in the future min ing 
12 years (2008-2019), the future exp loitat ion of value compensation standard TAV of Pingxiang City can be 
calculated to be 8221.85 million dollars. And on the basis of GV  =415.16 million dollars , RV =3863.45 
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million dollars, TBV  can be determined to be 4278.61 million dollars. So the value compensation standard 
of Pingxiang is the sum of TBV  and TAV  12500.46 million dollars. 
Table 4 Coal production, consumption of  Pingxiang city from 1998 to 2007 
Year 
raw coal 
production 
energy 
consumption of 
industrial 
enterprises 
increased coal 
production 
China's coal 
price(at 
exchange rate 
of 1dollar 
=8.27yuan 
before2007 
The world 
average price 
of coal for 
power 
generation 
(1+r)n 
Calculated 
at r = 10% 
discount rate 
RV
 
million tons million tons million tons dollar /ton dollar /ton  million dollar 
1998 844.54 272.67 571.87 19.37 35.79 2.36 261.64 
1999 723.45 243.83 479.62 17.26 31.37 2.14 211.58 
2000 662.90 246.07 416.83 16.95 31.86 1.95 205.41 
2001 596.40 216.33 380.07 18.26 34.79 1.77 224.95 
2002 529.90 223.98 305.92 20.30 34.26 1.61 196.13 
2003 629.65 220.74 408.91 20.65 36.86 1.46 310.28 
2004 425.00 359.69 65.31 30.59 55.41 1.33 81.94 
2005 1127.19 393.89 733.30 32.65 61.06 1.21 1115.26 
2006 924.24 649.60 274.64 33.98 65.93 1.10 496.09 
2007 1128.42 793.98 334.44 36.76 75.41 1.00 760.16 
Total 7591.69 3620.78 3970.90    3863.45 
Some need to explain: First, the world's average price of coal in the table is calculated from the 
processing of coal for power generation of 14 countries. Second, the discount rate in this article is an 
estimated value, which can be obtained actually  through the method of taking profession average profit  
rate and so on. Third, when calculat ing past min ing compensation standard, we suppose that the 
geological exp loration cost of coal resource during calcu lation period have already been included in the 
first year. At last, if you consider the ecological environment value of coal resources, the coal min ing 
value compensation from 1998 to 2019 in Pingxiang will be greater than $ 12500.46 million dollars. 
3.2. Compensation mechanism Design 
The primary means of vertical value compensation implementation is to increase financial transfer 
payments to Pingxiang City and develop the policy and taxat ion system which is conducive to the 
development and ecological environment protection of Pingxiang(Figure 1). And the best way of regional 
compensation is helping coal-exhausted cities develop independently, such as the provision of advanced 
technology, management experience, investment and development. Pingxiang is located in Changsha, 
Zhuzhou and Xiangtan urban agglomerat ion, near to Poyang Lake and its north is adjacent to Wuhan 
Economic Circle , referring to "Jinhua-Panan Pattern ", its geographical advantages should be used to help 
Pingxiang change to be regional central city between Hunan and Jiangxi. Pingxiang should use the 
advantages of industrial concentration in  the urban agglomeration  of Changsha, Zhuzhou and Xiangtan 
city better and expand cooperation with these three cities, such as engineering machinery, auto parts, 
metals, energy, steel, culture, touris m and other industries , to strengthen cooperation and achieve win-win 
situation. 
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4ˊConclusion 
Using the improved economic evaluation model on coal-resource-based cites and the compensation 
mechanism of coal-exhausted cities designed. The following results were obtained: 
The past cumulative coal value is $ 82,218,500 during 1998-2007 and the present compensation 
standard for Pingxiang city from 2008 to 2019 will be $42,786,100, and the total compensation of coal 
resources of Ping xiang City  is $ 12500.46 between 22 years from 1998 to 2019. While the national 
transfer payment to compensate for the value of resources is not enough, so the economic restructuring of 
Pingxiang could not be achieved. It is effective to solve this by establishing the cross -regional 
compensation mechanism and cross -temporal characteristics compensation mechanism of coal's value 
correspondingly. The inter-regional Compensation Fund Management Board  should be set up to be 
responsible for compensation contemplated, management and dist ribution of compensation and other 
aspects of work, which can ensure that the amount of inter-regional compensation fund is increasing and 
providing financial support for industry restructuring, re-employment, ecological management and 
environmental protection in the resource-exhausted cities. 
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